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FLEXIBLE PIPE HAVING A CARCASS
LAYER

CROSS REFERENCE TO RELATED
APPLICATIONS

This is the U.S. National Stage of International Application
No. PCT/GB2010/052150, filed Dec. 20, 2010, which in turn
claims the benefit of United Kingdom Application No.
GB0922122.7, filed Dec. 18, 2009.

The present invention relates to a method and apparatus for
providing flexible pipe body including a carcass layer. In
particular, but not exclusively, the present invention relates to
the provision of a carcass layer in which a channel region is
provided in adjacent annular elements that form the carcass
layer. The channel region can be hollow or alternatively filled
with a material which dissolves subsequent to installation or
alternatively filled with an insulating material or alternatively
filled with a strengthening material.

Traditionally flexible pipe is utilised to transport produc-
tion fluids, such as oil and/or gas and/or water, from one
location to another. Flexible pipe is particularly useful in
connecting a sub-sea location to a further sub-sea location or
sea level location. Flexible pipe is generally formed as an
assembly of flexible pipe body and one or more end fittings.
The pipe body is typically formed as an assembly of layered
materials that form a fluid and pressure-containing conduit.
The pipe structure allows large deflections without causing
bending stresses that impair the pipe’s functionality over its
lifetime. The pipe body is generally, but not necessarily, built
up as a composite structure including unbonded metallic and
polymer layers.

Such unbonded flexible pipe has been an enabler for deep
water (less than 3300 feet (1005.84 meters)) and ultra-deep
water (greater than 3300 feet) developments for over 15
years. Available technology enabled the industry to initially
produce in deep water in the early 90s and in ultra-deep
waters up to around 6500 feet (1981.2 meters) in the late 90s.
Water depths greater than 6500 feet push the envelope where
typical free hanging riser configurations and flexible pipe in
general can operate.

In view of the external pressures experienced by flexible
pipe at such water depths it is well known that flexible pipe
has to withstand substantial crushing forces. To this end a
fluid retaining layer is often supported by an under layer
referred to as a carcass. With such rough bore use the fluid
retaining layer is often termed a barrier layer. In the prior art
the carcass layer has been provided by helically wrapping a
profiled tape along the length of the flexible pipe body. The
profiled tape has hook and valley regions so that as the tape is
wound adjacent windings are interlocked together by nesting
a hooked region of a first winding into a valley region of a
following adjacent winding.

There are, however, problems with such prior art tech-
niques. Notably the generation of the profile tape is a time
consuming and costly process. Typically one begins with a
flat tape which is then put through a series of rollers which
gradually change the profile of the tape. Subsequent to the
generation of such a tape a winding step must be included
during the manufacture of flexible pipe body. This locks each
winding of tape to the next in both the axial and radial direc-
tions.

Another disadvantage with some known techniques is that
because of the manufacturing process associated with making
the carcass tape there are limits on the materials which can be
used and shapes of profile which can be attained via this
method. A limit on a second moment of inertia (a key param-
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eter when assessing the efficacy of the carcass layer) associ-
ated with windings is thus introduced.

Iftapes are manufactured using a technique different to the
rolling method then the manufacturing process for such tapes
is extremely complex and costly. Typically a compromise is
struck between malleability of material used to generate the
tape versus the strength offered by the end results.

A further problem associated with known carcass layers is
that they offer little or no protection in terms of thermal
insulation to overlying layers in the flexible pipe body. Typi-
cally it is appreciated that the tape windings are manufactured
from a metal material which is a good thermal conductor. As
such if a bore temperature is relatively high then overlying
polymer layers must be able to tolerate such elevated tem-
peratures. Since gases permeate better through polymer
materials at higher temperatures there is a desire to reduce
temperatures experienced by a barrier layer or further outly-
ing polymer layers during use.

It is an aim of the present invention to at least partly miti-
gate the above-mentioned problems.

Itis an aim of certain embodiments of the present invention
to provide a carcass layer in flexible pipe body which can
increase the operating envelope of a flexible pipe made using
the pipe body.

Itis an aim of certain embodiments of the present invention
to provide a carcass layer including a channel in adjacent
windings or hoop elements so that the channel can be utilised
to tailor physical properties of the carcass layer according to
a proposed use.

Itis an aim of certain embodiments of the present invention
to provide a carcass layer in which a substantial temperature
drop occurs across the carcass layer.

Itis an aim of certain embodiments of the present invention
to provide a carcass layer in flexible pipe body which has
elements manufactured from a first material suited to a par-
ticular purpose and other elements manufactured from a dif-
ferent material provided to maximise other characteristics.

According to a first aspect of the present invention there is
provided flexible pipe body for transporting fluids from a
sub-sea location, comprising:

a carcass layer comprising adjacent interlocked annular
elements each comprising a body portion that extends
around an inner circumference of a bore region and a
channel region provided within the body portion.

According to a second aspect of the present invention there
is provided a flexible pipe for transporting fluids from a
sub-sea location, comprising:

the flexible pipe body as claimed in any preceding claim;
and

one or more end fittings.

According to a third aspect of the present invention there is
provided a method of manufacturing flexible pipe body, com-
prising the steps of:

locating independent hoop elements in a side-by-side
coaxial relationship;

interlocking adjacent hoop elements by urging adjacent
hoop elements together thereby nesting a hook region of
a first hoop element in a valley region of an adjacent
element; and

via each hoop element providing an annular channel region
encircling a bore of the flexible pipe body.

According to a fourth aspect of the present invention there
is provided a method of manufacturing flexible pipe body,
further comprising the steps of:

winding a carcass tape comprising a body portion housing
a channel region helically to thereby provide a carcass
layer.
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Certain embodiments of the present invention have the
advantage that a tape including a channel can be helically
wound to form a carcass layer or independent hoop elements
including a channel can be connected together in a row to
provide the carcass layer. In either case the channel can be
utilised to provide specific desired characteristics as per
design requirements.

Certain embodiments of the present invention provide a
carcass layer made up of sealed hollow hoops which can be
manufactured using steel strips or other such suitable mate-
rials. The hollow section can be filled with any suitable mate-
rial or may be left open which can provide extra strength or
insulating properties.

Certain embodiments of the present invention provide a
carcass layer formed from adjacent windings or hoops with
various portions being manufactured from any material, com-
posite, polymer, metal or the like.

Embodiments of the present invention will now be
described hereinafter, by way of example only, with reference
to the accompanying drawings in which:

FIG. 1 illustrates a flexible pipe body;

FIG. 2 illustrates a catenary riser, flow line and jumper;

FIG. 3 illustrates a carcass layer including regions of ther-
mal insulation material;

FIG. 4 illustrates windings in the carcass layer of FIG. 3;

FIG. 5 illustrates an alternative carcass layer including
regions of thermal insulation material;

FIG. 6 illustrates a carcass layer including regions of ther-
mal insulation material;

FIG. 7 illustrates windings in the carcass layer of FIG. 6;

FIG. 8 illustrates interlocking of carcass layer windings;

FIG. 9 illustrates an insulating tape;

FIG. 10 illustrates how the insulating tape shown in FIG. 9
can be wound;

FIG. 11 illustrates how the insulating tape shown in FIG. 9
can be wound;

FIG. 12 illustrates a carcass layer;

FIG. 13 illustrates the carcass layer of FIG. 12 including
filled channel regions;

FIG. 14 illustrates an alternative carcass layer;

FIG. 15 illustrates a hoop element;

FIG. 16 illustrates interlocked hoop elements;

FIG. 17 illustrates alternative hoop elements interlocked;

FIG. 18 illustrates alternative interlocked hoop elements;

FIG. 19 illustrates interlocked hoop elements;

FIG. 20 illustrates hoops with fins; and

FIG. 21 illustrates hoops with strengthening beams.

In the drawings like reference numerals refer to like parts.

Throughout this specification reference will be made to a
flexible pipe. It will be understood that a flexible pipe is an
assembly of a portion of pipe body and one or more end
fittings in each of which a respective end of the pipe body is
terminated. FIG. 1 illustrates how pipe body 100 is formed in
accordance with an embodiment of the present invention
from a composite of layered materials that form a pressure-
containing conduit. Although a number of particular layers
are illustrated in FIG. 1, it is to be understood that the present
invention is broadly applicable to composite pipe body struc-
tures including two or more layers manufactured from a vari-
ety of possible materials. It is to be further noted that the layer
thicknesses are shown for illustrative purposes only.

As illustrated in FIG. 1, a pipe body includes an optional
innermost carcass layer 101. The carcass provides an inter-
locked construction that can be used as the innermost layer to
prevent, totally or partially, collapse of an internal pressure
sheath 102 due to pipe decompression, external pressure, and
tensile armour pressure and mechanical crushing loads. It will
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4

be appreciated that certain embodiments of the present inven-
tion are applicable to ‘smooth bore’ as well as such ‘rough
bore’ applications.

The internal pressure sheath 102 acts as a fluid retaining
layer and comprises a polymer layer that ensures internal-
fluid integrity. It is to be understood that this layer may itself
comprise a number of sub-layers. It will be appreciated that
when the optional carcass layer is utilised the internal pres-
sure sheath is often referred to by those skilled in the art as a
barrier layer. In operation without such a carcass (so-called
smooth-bore operation) the internal pressure sheath may be
referred to as a liner.

An optional pressure armour layer 103 is a structural layer
with a lay angle close to 90° that increases the resistance of
the flexible pipe to internal and external pressure and
mechanical crushing loads. The layer also structurally sup-
ports the internal-pressure sheath.

The flexible pipe body also includes an optional first tensile
armour layer 104 and optional second tensile armour layer
105. Each tensile armour layer is a structural layer with a lay
angle typically between 20° and 55°. Each layer is used to
sustain tensile loads and internal pressure. The tensile armour
layers are counter-wound in pairs.

The flexible pipe body shown also includes optional layers
106 of tape which help contain underlying layers and to some
extent prevent abrasion between adjacent layers.

The flexible pipe body also typically includes an optional
outer sheath 107 which comprises a polymer layer used to
protect the pipe against penetration of seawater and other
external environments, corrosion, abrasion and mechanical
damage.

Each flexible pipe comprises at least one portion, some-
times referred to as a segment or section of pipe body 100
together with an end fitting located at at least one end of the
flexible pipe. An end fitting provides a mechanical device
which forms the transition between the flexible pipe body and
a connector. The different pipe layers as shown, for example,
in FIG. 1 are terminated in the end fitting in such a way as to
transfer the load between the flexible pipe and the connector.

FIG. 2 illustrates a riser assembly 200 suitable for trans-
porting production fluid such as oil and/or gas and/or water
from a sub-sea location 201 to a floating facility 202. For
example, in FIG. 2 the sub-sea location 201 includes a sub-sea
flow line. The flexible flow line 205 comprises a flexible pipe,
wholly or in part, resting on the sea floor 204 or buried below
the sea floor and used in a static application. The floating
facility may be provided by a platform and/or buoy or, as
illustrated in FIG. 2, a ship. The riser 200 is provided as a
flexible riser, that is to say a flexible pipe connecting the ship
to the sea floor installation.

It will be appreciated that there are different types of riser,
as is well-known by those skilled in the art. Embodiments of
the present invention may be used with any type of riser, such
as a freely suspended (free, catenary riser), a riser restrained
to some extent (buoys, chains), totally restrained riser or
enclosed in a tube (I or J tubes).

FIG. 2 also illustrates how portions of flexible pipe body
can be utilised as a flow line 205 or jumper 206.

FIG. 3 illustrates a carcass layer 101 made by helically
winding a tape 300 so that adjacent windings can interlock.
The tape 300 has a substantially Z shape and the body of the
tape is hollow. The body may be almost wholly hollow in
which case the body acts like a shell (as shown in FIG. 3) or
alternatively may be only partially hollow so that only a
region of the cross section is hollow or multiple separate
regions are left hollow. The body of the tape thus encapsulates
at least one channel region within the tape. This channel
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region 301 is filled with an insulating aerogel material 350.
Alternatively the channel region can be filled with another
insulating material.

Throughout this description reference is made to an aero-
gel material. Certain aerogel materials are open-celled, meso-
porous, solid foams that are composed of a network of inter-
connected nanostructures and which exhibit a porosity (non-
solid volume) of no less than 50%. It will be understood that
the term “mesoporous” refers to a material which contains
pores ranging from 2 to 50 nm in diameter. It will be appre-
ciated that aerogels can be made from a variety of substances
including, but not limited to, most of the transition metal
oxides (for example, iron oxide or the like), silica, biological
polymers (such as pectin, agar or the like), carbon nanotubes,
organic polymers (such as resorcinol-formaldehyde, poly-
acrylates or the like). Aerogel materials can be manufactured
using many different techniques. For example silica gels are
produced using the sol-gel process in which nanoparticles
suspended in a liquid solution are invoked to interconnect and
form a continuous, porous, nanostructured network of par-
ticles across the volume of the liquid medium.

It will be understood that the term aerogel refers to a
material that has a very low coefficient of thermal conduction.
That is to say of 0.05 W/mK or less. Aptly 0.02 W/mK or less.

Aerogel materials tend to be hydrophilic but can be made
hydrophobic by the addition of waterproofing substances
such as trimethylsilyl-Si(CH,);. Typical thermal conductiv-
ity for aerogels is between 0.004 W/mK to 0.04 W/mK. This
is in comparison to typical insulating (but non aerogel) mate-
rials used in flexible pipe technologies which have a k value of
0.15 W/mK to 0.18 W/mK.

As illustrated in FIG. 3 adjacent windings of the Z shaped
tape 300 are interlocked by additionally helically winding a
connecting tape 303 between adjacent windings of the car-
cass tape. The connecting tape winding 303 has a generally H
shaped cross section.

FIG. 4 illustrates the windings of FIG. 3 in more detail. The
wound tapes form a layer extending axially along the length
of'the flexible pipe body. The cross section of the carcass tape
300 has an imaginary centre line C and has an inwardly turned
nose 400 at a first edge of the tape. The nose 400 blends into
a horizontal region 401 and the tape is then bent into a sub-
stantially linear region 402 which extends firstly towards the
centre line and then away from the centre line. The central
region 402 of the tape then turns away from the direction of
the first edge into a further horizontal region 403 before
bending again in towards the imaginary centre line C termi-
nating in a further nose 404. This further inwardly turned nose
forms the other edge of the carcass tape. In terms of the
windings shown in FIG. 4 the first nose is turned downwardly
towards the imaginary centre line and the further nose is
turned upwardly towards the imaginary centre line. It will be
appreciated that whilst the noses shown in this and further
examples have rounded ends, other shaped ends are useable.

As illustrated in FIG. 4, the connecting tape 303 has a
substantially H-shaped cross section providing an upwardly
facing substantially horizontal riding surface 410 and an
opposed substantially parallel spaced apart downwardly fac-
ing substantially horizontal further riding surface 412. As
illustrated in FIG. 4 an upwardly turned nose 404 of a first
winding rides against the downwardly facing horizontal
riding surface 412 of the connecting tape between ends which
act as abutment surfaces 413 which form boundaries to the
riding surface. This allows for some lateral motion between
adjacent windings. A downwardly turned nose 400 of an
adjacent winding is able to ride on the upward facing riding
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surface 410 of the H-shaped connector tape between respec-
tive abutment surfaces 414 which form side boundaries to the
riding surface.

The carcass tape is preformed prior to winding to manu-
facture a carcass layer and a channel formed within the body
of'the tape is filled with aerogel material. In this way the body
of the tape encapsulates aerogel material. As consecutive
windings are wound and interlocked together with the con-
necting tape the effect is that one or more encapsulated
regions of aerogel material are laid out in a layer along the
axial length of the flexible pipe body.

It will be appreciated that during manufacture of the car-
cass tape (that is to say before the stage of manufacturing
flexible pipe) the channel region within the tape can option-
ally first be evacuated to help reduce thermal conductivity
across the tape. Also the use of rigid material (such as metal or
composite materials or the like) to manufacture the body of
the tape means that low density aerogels may optionally be
used since the rigidity of the tape material acts as a housing to
give the tape strength.

FIG. 5 illustrates an alternative to the carcass layer illus-
trated in FIGS. 3 and 4 in which adjacent windings of the
carcass layer tape are interlocked by nesting a hook region of
one winding into a valley region of an adjacent winding. The
connecting tape is thus not required.

As illustrated in FIG. 5 a carcass layer 101 is formed by
helically winding a tape 490 so that adjacent windings can
interlock. The cross section of the carcass tape 490 is a sub-
stantially Z-shape and the body of the tape is wholly or
partially hollow. As with the previous example the body can
be a shell encapsulating a single channel or can define more
than one channel by having a partially filled body cavity
region. The body of the tape thus encapsulates at least one
channel region within the tape. This channel region 301 is
filled with an insulating aerogel material or other such insu-
lating material. The wound tape thus forms a layer extending
axially along the length of the flexible pipe body. The cross
section of the carcass tape 390 has an imaginary centre line C
and has an inwardly turned nose 500 at a first edge of the tape.
The nose 500 blends into a horizontal region 501 and the tape
is then bent into a substantially linear region 502 firstly
towards the centre line and then away from the centre line.
The central region 502 of the tape then turns away from the
first edge into a further horizontal region 503 before bending
again in towards the imaginary centre line C terminating in a
further nose 504. This further inwardly turned nose forms the
other edge of the carcass tape. In terms of the winding shown
in FIG. 5 the first nose 500 is turned downwardly towards the
imaginary centre line and the further nose is turned upwardly
towards the imaginary centre line.

As illustrated in FIG. 5, adjacent windings of the carcass
layer tape 490 interlock together. In this sense the first nose
and first horizontal region 501 and part of the central linear
region 502 form a hook portion whilst a remaining portion of
the central linear region 502, further horizontal portion 503
and further upwardly turned nose 504 define a valley region.
A nose associated with the hooked portion of a winding nests
within the valley region defined by an adjacent winding. The
nose of a winding is thus able to ride within a region defined
in an adjacent winding between a further nose and a central
region of the winding. This prevents windings in the carcass
layer from becoming separated but allows some lateral
motion so that the flexible pipe body formed by the carcass
layer can flex. Nesting is carried out during manufacture as
the carcass tape is wound.

The carcass tape 490 is preformed prior to winding to
manufacture a carcass layer and a channel formed within the
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body of the tape is filled with aerogel material. In this way the
body of the tape encapsulates aerogel material. As windings
are wound and interlocked together the effect is that one or
more encapsulated regions of aerogel material are laid out in
a layer of the flexible pipe body.

It will be appreciated that during manufacture of the car-
cass tape (that is to say before the stage of manufacturing of
flexible pipe) the channel region within the tape can option-
ally first be evacuated to help reduce thermal conductivity
across the tape. Also the use of rigid material (such as metal or
composite materials or the like) to manufacture the body of
the tape means that low density aerogels may optionally be
used.

FIG. 6 illustrates an alternative to the carcass layer illus-
trated in FIGS. 3 to 5. As illustrated in FIG. 6 adjacent wind-
ings of a carcass layer tape having a corrugated cross section
can be helically wound to create the carcass layer. Adjacent
windings are interlocked using a connecting tape at the inter-
face between adjacent windings.

As illustrated in FIG. 6 a carcass layer 101 is formed by
helically winding a tape 590 so that adjacent windings are
interlocked in some fashion. The cross section of the carcass
tape 590 is corrugated including peaks and troughs and the
body of the tape is wholly or partially hollow. The body of the
tape thus encapsulates a channel region which itself has a
corrugated shape within the tape. This channel region 301 is
filled with a sheet, having an undulating cross section, of
insulating aerogel material. The wound tape thus forms a
layer extending axially along the length of the flexible pipe
body.

FIG. 7 illustrates the helically wound carcass tape 590
shown in FIG. 6 in a cut away format indicating how the
carcass layer 101 is formed by winding a carcass tape 590
helically. The carcass layer tape has a corrugated profile with
six complete troughs 700, to 700,. The troughs are the por-
tions of the corrugations which extend radially innermost
within the bore defined by the wound tape. The corrugated
tape also includes six complete peaks 701, to 701, which
define the radially outermost parts of the carcass layer. Tape
having different numbers of peaks and troughs and different
pitches to those peaks and troughs shown can of course be
used. As windings are wound a connecting tape which has a
substantially H-shaped cross section is also helically wound
simultaneously at the interface between adjacent windings of
the carcass layer tape 494. The cross sectional H-shape of the
connecting tape 603 is illustrated in FIG. 7. Other connecting
tapes having different cross sectional shapes but which permit
interlocking can of course be used.

FIG. 8 illustrates a cross section through a region where
adjacent windings of the carcass layer tape 590 are inter-
locked together. The cross section of the carcass tape 590 has
an imaginary centre line C and has an inwardly turned nose
800 at a first edge of the tape. The nose 800 blends into a
horizontal region 801 and the tape is then bent at an inclined
angle towards the centre line. A linear region 802 extends
through the centre line towards a first trough region which
defines aradially innermost fold or corrugation for the carcass
tape. At this trough the tape is bent before extending radially
outwardly in a further linear region towards a first peak region
701, . Further peaks and troughs are laid out across the cross
section of the corrugated carcass tape 690. The tape extends
from the final peak 701 into a further horizontal region 803
before bending again in towards the imaginary centre line C
terminating in a further nose 804. This further inwardly
turned nose forms the other edge of the carcass tape. In terms
of the windings shown in FIGS. 6, 7 and 8 the first nose 800
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is turned downwardly towards the imaginary centre line and
the further nose 804 is turned upwardly towards the imagi-
nary centre line.

As illustrated in FIG. 8 the connecting tape 603 has a
substantially H-shaped cross section providing an upwardly
facing substantially horizontal riding surface 810 and an
opposed substantially parallel spaced apart downwardly fac-
ing substantially horizontal further riding surface 812. As
illustrated in FIG. 8 an upwardly turned nose 804 of a first
winding rides against the downwardly facing horizontal
riding surface 812 of the connecting tape between abutment
surfaces 813 which form boundaries to the riding surface.
This allows for some lateral motion between adjacent wind-
ings. A downwardly turned nose 800 of an adjacent winding
is able to ride on the upward facing riding surface 810 of the
H-shaped connector tape between respective abutment sur-
faces 814 which form side boundaries to the riding surface.

The carcass tape 590 is preformed prior to winding to
manufacture a carcass layer and a channel formed within the
body of the tape is filled with aerogel material. In this way the
body of the tape encapsulates aerogel material. One, two or
more channels may be formed containing aerogel. As wind-
ings are wound and interlocked together with the connecting
tape the effect is that one or more encapsulated regions in the
form of corrugated sheets of aerogel material are laid outin a
layer of the flexible pipe body.

It will be appreciated that during manufacture of the car-
cass tape (that is to say before the stage of manufacturing
flexible pipe) the channel region within the tape can option-
ally first be evacuated to help reduced thermal conductivity
across the tape. Also the use of rigid materials (such as metal
or composite materials or the like) to manufacture the body of
the tape means that low density aerogels may optionally be
used.

It will be appreciated that the corrugated carcass tape could
be modified at the nose regions so that adjacent windings of
the corrugated tape interlock in a manner similar to the wind-
ings shown in FIG. 5 and without the intervening connecting
tape being needed.

In addition to providing encapsulated regions of aerogel
material in a carcass layer of flexible pipe, tape including
aerogel material may additionally or optionally be wound at
other locations so as to provide one or more layers of thermal
insulation as required. For example, a layer of insulating
material may be formed immediately inside an outer sheath
107 of the flexible pipe body. Such an insulating layer will
tend to maintain a warm or cool temperature throughout the
multiple layers of the flexible pipe body as determined by the
temperature of the fluid transported along the bore of the
flexible pipe body. Alternatively, or in addition, an insulating
layer may be formed radially immediately outside or inside of
the tensile armour layers so as to maintain the metallic parts of
those tensile armour layers within a predetermined tempera-
ture range. Insulating layers may be formed at any other
desired location throughout the cross section of the flexible
pipe body.

FIG. 9 illustrates a tape 890 in cross section which may be
wound helically around an underlying layer during manufac-
ture of flexible pipe body. As indicated in FIG. 9 the tape 890
has an outer surface 900 which forms the body to thetape. The
body 900 includes a substantially planar top surface spaced
apart from and substantially parallel to an underlying bottom
surface 902. Side walls connect the top surface 901 and bot-
tom surface 902. The first side wall 903 of the body 900 and
further side wall 904 of the body 900 together with the top and
bottom surface thus form a shell like body. The central region
905 defined by the inner surface of the top and bottom sur-
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faces and side walls defines a channel 906. This channel is
filled with aerogel material 350.

The tape shown in FIG. 9 can be wrapped helically in a
number of ways to create a layer in the flexible pipe body. For
example as shown in FIG. 10 the flexible tape is helically
wound in a first layer 1001 with adjacent windings being
located side by side. A further layer of tape 890 is wound over
this first layer 1001 to form an overlying layer 1002. As
illustrated in FIG. 10 this overlying layer can lie over the
interconnection of adjacent windings in the layer below.
Alternatively the overlying layer can be wound directly on top
of an underlying layer. As a result an insulating layer made
from multiple sub layers is generated.

FIG. 11 illustrates an alternative way in which the insulat-
ing tape 890 shown in FIG. 9 can be wound over an underly-
ing layer. As illustrated in FIG. 11 subsequent to a preceding
winding being duly wound a subsequent winding 1101 is
wound so that a portion of the subsequent winding 1101 lies
over an underlying portion of a preceding winding 1102. The
net effect of the two methods illustrated in FIGS. 10 and 11 is
that an insulating layer having a thickness twice that of the
thickness I of the insulating tape 890 is generated. It will be
appreciated that if only one winding is utilised using the
technique shown in FIG. 10 that an insulating layer having a
thickness I is generated.

FIG. 12 illustrates a carcass layer 101 in a length of flexible
pipe body in which adjacent windings of a carcass layer tape
1190 interlock together. Each winding thus forms an annular
element which extends around an inner circumference of a
bore region. As illustrated in FIG. 12 the carcass layer 101 is
formed by helically winding the tape 1190 so that adjacent
windings are interlocked. A cross section of the carcass tape
1190 is substantially Z-shaped and the body of the tape is
wholly or partially hollow. As with the previously described
examples the tape body can be a shell encapsulating a single
channel or can define more than one channel by having a
partially filled body cavity region or plate element separating
the central channel. The channel region 1201 is illustrated as
being hollow in FIG. 12. Alternatively the channel region can
be filled with an insulating aerogel material or other such
insulating material. Alternatively as illustrated in FIG. 13 the
channel can be filled with a strengthening material 1350. For
example, the strengthening element 1350 can be formed of a
metal material, such as carbon, stainless steel or the like,
whilst the body of the tape 1190 is made from a composite
material such as glass fibre, carbon fibre, reinforced plastic or
the like.

The wound tape thus forms a layer extending axially along
the length of the flexible pipe body. The cross section of the
carcass tape 1190 has an imaginary centre line C and has an
inwardly turned nose 1300 at a first edge of the tape. The nose
1300 blends into a horizontal region 1301 and the tape is then
bent into a substantially linear region 1302 towards the centre
line and then away from the centre line. The central region
1302 then turns away from the first edge into a flange region
1303. Asillustrated in FIG. 12 the tape 1190 is generated from
a first curved wall and a further curved wall. These are tape
elements. The tape elements shown have a similar and con-
stant cross section. Aptly the tape elements can have different
cross sections, also these may optionally be non-constant.
The first curved wall which forms the first nose 1300, hori-
zontal portion 1301, central region 1302 and first flange
region 1303 is formed spaced apart from the further curved
wall in a middle region thereof. The further curved wall
includes an inwardly turned nose 1310 which forms a further
edge of the carcass tape. This inwardly turned nose extends
into a horizontal region 1311 which then extends in towards
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the imaginary centre line as a linear region 1312. This linear
region then flares out towards the first edge of the tape form-
ing a further flange region 1313. The curved walls are inte-
grally formed or may be separately made and then secured
together such as by welding, adhering or the like.

The tape formed by the juxtaposed curved walls may be
wound in a helical fashion to form the carcass layer as will be
understood by those skilled in the art. The nose of an outer
curved wall and flange region of the inner curved wall form a
hook region whilst the nose of the inner curved wall and
flange region of the first curved wall form a valley region. A
hook region of a winding nests within a valley region of an
adjacent winding as the carcass layer is manufactured. The
channel region 1201 is formed in the parallel spaced apart
region between the inner surfaces of the curved walls of the
carcass tape. Prior to manufacturing of the flexible pipe body
this channel may be filled wholly or partially with a desired
material. For example, an aerogel material can be utilised.
Alternatively, the channel region is filled with a material
having a different mechanical property from the body region
formed by the curved walls of the tape. As a result certain
materials can be used to form the tape body whilst the same or
different materials can be used to wholly or partially fill the
channel region which runs along the centre of the carcass
tape. This allows a manufacturer of the flexible pipe body to
tailor the materials selected according to the purpose for
which the flexible pipe is manufactured. Each winding of the
carcass tape forms an annular element which thus extends
around an inner circumference of a bore region. A channel
region is provided within the body portion of the carcass tape.

The channel region can be filled wholly or partially with
one or more materials having different characteristics. For
example, an aerogel material can be used which provides a
high degree of insulation to the carcass layer. Aptly the chan-
nel region is substantially filled with a material that dissolves
within a predicted period of time. Alternatively the channel
can hold a vacuum, an insulating tape containing glass micro-
spheres, a foam or the like.

FIG. 14 illustrates an alternative carcass tape to that illus-
trated in FIGS. 12 and 13. In many respects this carcass tape
is similar to that shown in FIGS. 12 and 13, however, the
curved walls of the body of the carcass tape have elongated
horizontal portions 1401, 1411 relative to the corresponding
portions of the carcass tape shown in FIGS. 12 and 13. This
enables the channel region in the carcass tape to have a greater
volume per winding and provides a further way in which the
physical characteristics of the carcass tape can be modified
according to the purpose for which the flexible pipe including
the carcass layer is to be used. The width and/or thickness of
the tape, material of the tape body and material held in the
channel within the tape can be selected as desired according
to the performance parameters needed in the flexible pipe
body. Aptly the width to thickness ratio of the tape is 2:1 or
greater. Aptly the width to thickness ratio is 3:1 or greater.

FIG. 15 illustrates a hoop 1500 which includes a hollow
channel region 1501 which can be left hollow or which may
be filled with an aerogel material or other such insulating
material or a strengthening material. Multiple hoops may be
aligned next to each other in a side-by-side coaxial relation-
ship. The independent hoops can be interlocked together with
adjacent hoops being interlocked together so as to form a
carcass layer of a flexible pipe body. The hoop 1500 is an
annular element with the carcass layer when formed compris-
ing adjacent interlocked annular elements each made up of a
body portion that extends around an inner circumference of a
bore region. A channel region 1501 is provided within the
body portion of each hoop.
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As illustrated in FIG. 15 each hoop element has a circular
outer surface. The cross section of the hoop 1500 has an
imaginary centre line C and has a partially inwardly turned
nose 1550 at a first edge of the hoop. The nose 1550 blends
into a horizontal region 1601 with the outer surface of this
horizontal region provided the circular outer cross section of
the hoop. The horizontal region 1601 is then bent towards the
imaginary centre line and then away from the centre line in a
substantially linear central region 1602. This central region
1602 is then turned away from the first edge of the hoop into
a flange region 1603. As illustrated in FIG. 15 the hoop 1500
is generated from a first curved wall and a further curved wall.
These are tape elements. The tape elements shown have a
similar and constant cross section. Aptly the tape elements
can have different cross sections and may optionally have a
non-constant cross section. The first curved wall which forms
the first nose 1550, horizontal portion 1601, central region
1602 and first flange region 1603 is formed spaced apart from
the further curved wall in a middle region thereof. The further
curved wall includes an inwardly turned nose 1610, which
forms a further edge to the hoop horizontal portion 16111,
which has an inner surface forming the inner surface of the
hoop. The horizontal region 1611 of the further curved wall
bends first towards the imaginary centre line and then contin-
ues away from the centre line in a further linear central region
1612 before being bent towards the first edge of the hoop in a
further flange region 1613.

Unlike the generation of a carcass layer by helically wind-
ing a tape the carcass layer of flexible pipe body manufac-
tured with multiple hoop elements of the type shown in FIG.
15 is manufactured by locating hoop elements side-by-side,
one-by-one, and bending the nose 1550 at the first edge of the
hoop over the upstanding nose 1619 of a preceding hoop.
FIG. 16 illustrates the nose 1600 bent inwardly from the
partially inclined position 1550 illustrated in FIG. 15.

The nose of an outer curved wall and flange region of an
inner curved wall form a hook region whilst the nose of the
inner curved wall and flange region of the first curved wall
form a valley region. A hook region of a hoop nests within a
valley region of an adjacent hoop as the carcass layer is
manufactured. The channel region 1501 is formed in the
parallel spaced apart region between the juxtaposed curved
walls of the carcass hoop. Prior to manufacturing of the flex-
ible pipe body this channel may be filled wholly or partially
with a desired material. For example, an aerogel material can
be utilised. Alternatively, the channel region is filled with a
material having a different mechanical property from the
body region formed by the curved walls of the hoop. As a
result certain materials can be used to form the hoop body
whilst the same or different materials can optionally be used
to wholly or partially fill the channel region which runs along
the centre of the hoop. This allows a manufacturer of the
flexible pipe body to tailor the material selected according to
the purpose for which the flexible pipe is manufactured. Each
independent hoop in the carcass layer forms an annular ele-
ment which thus extends around an inner circumference of a
bore region. A channel region is provided within the body
portion of the carcass hoop.

An advantage of generating a carcass layer using indepen-
dent hoop elements which are interlocked together with adja-
cent hoop elements in a side-by-side coaxial relationship, is
that the hoop elements may each be manufactured from dif-
ferent materials. Therefore a profile may be generated along
the length of flexible pipe body having zones with certain
physical characteristics at one region (provided by hoops
manufactured from the same or similar materials) and one or
more further zones along the length of the flexible pipe body
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at desired locations where the hoop elements used to manu-
facture the flexible pipe body in those zones are manufactured
from materials different from the materials used for the hoop
elements in the first zone.

FIG. 17 illustrates how a carcass layer may be manufac-
tured from interlocking independent hoops having a different
cross sectional profile from the hoops illustrated in FIGS. 15
and 16. In many respects the cross section of the hoop ele-
ments shown in FIG. 17 are similar to those shown in FIGS.
15 and 16. However, the horizontal portions of the first curved
wall and further curved wall are stretched relative to the
corresponding portions shown in FIGS. 15 and 16. This
enables a different width to thickness ratio of the hoops to be
utilised. Aptly the width to thickness ratio of thehoopis 2:1 or
greater. Aptly the width to thickness ratio is 3:1 or greater. The
variation of the width to thickness ratio enables the volume of
the channel region to be selected according to environmental
factors which the flexible pipe body will experience in use.

An advantage of using the hoops shown in FIGS. 15,16 and
17 to manufacture a carcass layer is that each hoop element
can be independently manufactured prior to manufacture of
the flexible pipe body. These may then be stored until the
moment in time when flexible pipe body is to be manufac-
tured. The materials used to manufacture each hoop element
can be selected according to a physical performance required
of the hoop. The hoops can be integrally formed or can be
made from two or more separate walls secured together.
These curved walls can be manufactured from the same or
different materials. Each hoop is thus preformed prior to
manufacture of a carcass layer and a channel formed within
the body of the hoop can be left empty or may be filled with
a desired material. If a carcass layer having a high degree of
thermal insulation is required an aerogel material or some
other insulating material may be loaded into the channel. It
will be appreciated that during manufacture of the hoop the
channel region within the hoop can optionally first be evacu-
ated to help reduce thermal conductivity across the hoop.
Also the use of rigid material (such as metal or composite
materials or the like) to manufacture the hoop body means
that low density aerogels may optionally be used.

Alternatively the channel region in each hoop can be at
least partially filled with a material which will increase the
strength of the hoop. That is to say will increase the ability of
the hoop to resist crushing forces. The channel region can of
course be filled with any material that provides a desired
physical characteristic to the finished carcass layer.

FIG. 18 illustrates how hoops 1800 which do not have a
channel region can be utilised to provide a carcass layer for
flexible pipe body. As illustrated in FIG. 18 a hoop has a
substantially S-shape. Each hoop element 1800 has an imagi-
nary centre line C and a first edge 1801 of a hoop is formed by
ahorizontal portion 1802 of the hoop element being bent back
partially on itself to form a nose 1803. The horizontal section
1802 is then bent towards the centre line C at a first bend 1804
into a central substantially linear region 1805 which then
continues away from the centre line until being bent at a
further bend region 1806 into a further horizontal region
1807. This further horizontal region 1807 is substantially
parallel to the first horizontal portion 1802 in the cross section
of'the hoop 1800. The further horizontal portion is then bent
backupon itself to form a further edge 1808 of the hoop which
extends into an inwardly turned nose 1809.

As illustrated in FIG. 18 multiple hoop elements 1800,
1800, . . . 1800, can be aligned in a side-by-side coaxial
relationship and interlocked so as to form a carcass layer in
flexible pipe body. The inwardly turned nose 1803 at a first
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edge of a hoop interlocks with an inwardly turned nose 1809
in an adjacent hoop to ensure that hoop elements do not
become separated during use.

FIG. 19 illustrates how a carcass layer can be manufactured
from interlocked hoops 1900. Each hoop shown in FIG. 19 is
formed from a first curved wall of the type illustrated in FIG.
18 and a juxtaposed mirror image of that curved wall formed
as a second curved wall secured or integrally formed with the
first curved wall. Each hoop 1900 has an imaginary centre line
C and an outer part imaginary centre line D, and an inner part
imaginary centre line D,. A first edge 1901 of a hoop com-
prises twin rings formed by an inner and outer horizontal
portion 1902 being bent backward to form respective inner
and outer noses 1903. Each of the inner and outer horizontal
sections 1902 is then bent away from the main centre line C
towards a respective imaginary inner or outer centre line D,
D,. From a respective central substantially linear region 1905
a further bend region 1906 is formed which turns each curved
side wall into a respective horizontal region 1907,,....
1907,,,,.,- This further horizontal region 1907 is substantially
parallel to the first horizontal portion 1902. The further hori-
zontal portion is then bent back upon itself at a further edge
1908 which is formed as two distinct rings. The bent back
horizontal portion forms an inner and outer inwardly turned
nose 1909. As will be appreciated by those skilled in the art a
carcass layer may be manufactured by interconnecting hoops
one by one or many simultaneously by pushing the edges of
the hoops together so that the nose regions at a first edge of a
hoop interlock with the nose regions of an adjacent hoop. The
hoops may be manufactured from the same or different mate-
rials. The curved walls of each hoop may be integrally formed
or may be secured together by welding, gluing, riveting or the
like.

FIG. 20 illustrates how hoops having a solid cross section
(that is to say without an internal channel) may be connected
together to form a carcass layer. These hoops each have a
respective fin 2001 which is a plate extending from an inner
surface of the hoop. The hoops may be aligned and intercon-
nected during a manufacturing process so that the fins are
exactly aligned in a linear array axially along the length of the
flexible pipe body. Alternatively, each fin or the fins of a group
of hoops may be radially offset with respect to fins in an
adjacent hoop or adjacent group. As a result it will be appre-
ciated that the rotational offset between the fins can induce a
rotation motion in fluid transported along the bore of the
flexible pipe body. This can be advantageous in certain envi-
ronments and/or when certain types of transport fluid are
being transported. Fins can of course be used with hoops
previously described which include an internal channel.

FIG. 21 illustrates how multiple hoops may be interlocked
together to form a carcass layer of flexible pipe body. As
illustrated in FIG. 21 the hoops include cross beams 2101
which extend across a diameter of the hoops. Further cross
beams 2102 also extend across the diameter of the hoops at
right angles to the first cross beams. It will be appreciated that
each cross beam acts as a strengthening element so as to
increase the crush resistance of each hoop element. One, two
or more cross beams may be utilised per hoop. The cross
beams of hoops interlocked together to form a carcass layer
may be aligned or may be rotationally offset with respect to
one another. Alternatively the cross beams of groups of hoops
may be aligned or may be rotationally offset with the cross
beams in other groups of hoop elements. The offsetting of
cross beams can be used to induce a rotational motioning fluid
transported in the bore region. Alternatively/additionally the
offsetting of cross beams can provide a flexible pipe body
which is resistant to crushing forces at different radial angles.
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The cross beams can of course alternatively extend across
only part of the hoop rather than extending across diametri-
cally.

Hoops can be made which have a circular outer shape but
are filled in so that an internal bore of the flexible pipe body
has a non-circular cross section.

Throughout the description and claims of this specifica-
tion, the words “comprise” and “contain” and variations of
them mean “including but not limited to”, and they are not
intended to (and do not) exclude other moieties, additives,
components, integers or steps. Throughout the description
and claims of this specification, the singular encompasses the
plural unless the context otherwise requires. In particular,
where the indefinite article is used, the specification is to be
understood as contemplating plurality as well as singularity,
unless the context requires otherwise.

Features, integers, characteristics, compounds, chemical
moieties or groups described in conjunction with a particular
aspect, embodiment or example of the invention are to be
understood to be applicable to any other aspect, embodiment
or example described herein unless incompatible therewith.
All of the features disclosed in this specification (including
any accompanying claims, abstract and drawings), and/or all
of the steps of any method or process so disclosed, may be
combined in any combination, except combinations where at
least some of such features and/or steps are mutually exclu-
sive. The invention is not restricted to the details of any
foregoing embodiments. The invention extends to any novel
one, or any novel combination, of the features disclosed in
this specification (including any accompanying claims,
abstract and drawings), or to any novel one, or any novel
combination, of the steps of any method or process so dis-
closed.

The reader’s attention is directed to all papers and docu-
ments which are filed concurrently with or previous to this
specification in connection with this application and which
are open to public inspection with this specification, and the
contents of all such papers and documents are incorporated
herein by reference.

The invention claimed is:

1. Flexible pipe body for transporting fluids from a sub-sea
location, comprising:

a carcass layer comprising adjacent interlocked annular
elements, wherein the annular elements comprise a plu-
rality of independent hoop elements disposed in a side-
by-side coaxial relationship along a bore region and
wherein each hoop element comprises a body portion
that extends around an inner circumference of the bore
region and a channel region encapsulated by the body
portion and provided within the body portion, wherein
the body portion is a substantially Z-shaped housing
encasing said channel region and comprises a nose
region on each of a first end and further end of the
Z-shape, wherein the nose regions are formed by each of
the first end and further end being turned inwardly
towards an imaginary centre line running across a cross
section of the body portion; and

wherein the nose regions of each hoop element provides
means to interlock adjacent hoop elements together.

2. The flexible pipe body as claimed in claim 1, wherein the
channel region is hollow or is substantially filled with a mate-
rial that dissolves within a predetermined period of time.

3. The flexible pipe body as claimed in claim 1, wherein the
channel region is substantially filled with an insulating mate-
rial or a strengthening material.
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4. The flexible pipe body as claimed in claim 1, wherein the
body portion of each hoop element is a closed ring having a
circular outer surface.

5. The flexible pipe body as claimed in claim 4, wherein the
body portion of each hoop element in the carcass layer is
formed from an identical material.

6. The flexible pipe body as claimed in claim 4, wherein the
body portion of a first plurality of hoop elements in the car-
cass layer is formed from a first material different from a
material used to form a further plurality of hoop elements in
the carcass layer.

7. The flexible pipe body as claimed in claim 4, wherein a
channel region of a first plurality of hoop elements is filled
with a first material and a channel region of a further plurality
of hoop elements is filled with a further material different
from said first material.

8. The flexible pipe body as claimed in claim 1, wherein:

the nose regions comprise a male connection region and a

female connection region disposed one on each end of
the Z-shaped housing encasing said channel region, the
male connection region of a first hoop element being
locatable in the female connection region of an adjacent
hoop element to thereby interlock adjacent hoop ele-
ments.

9. The flexible pipe body as claimed in claim 1, wherein:

the carcass layer further comprises a plurality of connect-

ing rings having a substantially H-shaped cross section,
arespective connecting ring being located between adja-
cent hoop elements and being operable to engage with
the nose region of adjacent annular elements thereby
locking adjacent hoop elements together.

10. The flexible pipe body as claimed in claim 9, wherein:

one of the nose regions of each hoop element comprises a

downwardly turned nose region and the other nose
region of each hoop element comprises an upwardly
turned nose region; and

a downwardly turned nose region of a first hoop element

rides within a substantially U-shaped channel defined by
anupper surface of the H-shaped connecting ring and an
upwardly turned nose region of an adjacent hoop ele-
ment rides in a substantially inverted U-shaped channel
defined by a lower surface of the H-shaped connecting
ring.

11. The flexible pipe body as claimed in claim 1 wherein
the body portion comprises a first plate element and a further
plate element, the first plate element and further plate element
being disposed in a spaced apart and substantially parallel
relationship at a centre region of each plate element and
secured together at either side of the centre region to thereby
define said channel region between the plate elements.

12. The flexible pipe body as claimed in claim 11, wherein
a cross section of each plate element has a substantially con-
stant thickness.

13. The flexible pipe body as claimed in claim 11, wherein
the first and further plate elements are secured together at a
first side of the channel region via an edge region of the
further plate element and an intermediate region of the first
plate element, said intermediate region extending to provide
the inwardly turned nose region thereby forming a hooked
region of the first plate element.

14. The flexible pipe body as claimed in claim 13, wherein
the first and further plate elements are secured together at a
second side of the channel region via an edge region of the
first plate element and an intermediate region of the further
plate element, said intermediate region of the further plate
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element extending to provide the inwardly turned nose region
thereby forming a hooked region of the further plate element.
15. The flexible pipe body as claimed in claim 14, wherein
the hooked regions of the first plate element and the further
plate element are turned inwardly towards an imaginary cen-
tre line running across the cross section of the hoop element
whereby the hooked region of the first plate element of a first
hoop element interlocks with the hooked region of the further
plate element in an adjacent hoop element.
16. The flexible pipe body as claimed in claim 15, wherein
a width to thickness ratio of the hoop element is more than
2:1.
17. A flexible pipe for transporting fluids from a sub-sea
location, comprising:
the flexible pipe body as claimed in claim 1; and
one or more end fittings.
18. A jumper, riser or flow line comprising the flexible pipe
as claimed in claim 17.
19. A method of manufacturing flexible pipe body, com-
prising the steps of:
locating independent hoop elements in a side-by-side
coaxial relationship;
interlocking adjacent hoop elements by urging adjacent
hoop elements together thereby nesting a hook region of
a first hoop element in a valley region of an adjacent
element; and
via each hoop element providing an annular channel region
encircling a bore of the flexible pipe body;
wherein each hoop element comprises a body portion that
extends around an inner circumference of the bore and
encapsulates a respective channel region, wherein the
body portion is a substantially Z-shaped housing encas-
ing said channel region and comprises a nose region on
each of a first end and further end of the Z-shape,
wherein the nose regions are formed by each of the first
end and further end being turned inwardly towards an
imaginary centre line running across a cross section of
the body portion, wherein the nose regions define the
hook region and the valley region of the hoop element.
20. The method as claimed in claim 19, further comprising
the steps of:
interlocking adjacent hoop elements in which a respective
channel region is substantially filled with an insulating
material or a strengthening material.
21. A method of manufacturing flexible pipe body, com-
prising the steps of:
locating independent hoop elements in a side-by-side
coaxial relationship along a bore region of the flexible
pipe body;
interlocking adjacent hoop elements by urging adjacent
hoop elements together; and
arranging the body portion of each hoop element to inter-
lock adjacent hoop elements together;
wherein each hoop element comprises a body portion that
extends around an inner circumference of the bore
region and a channel region encapsulated by the body
portion and provided within the body portion, wherein
the body portion is a substantially Z-shaped housing
encasing said channel region and comprises a nose
region on each of a first end and further end of the
Z-shape, wherein the nose regions are formed by each of
the first end and further end being turned inwardly
towards an imaginary centre line running across a cross
section of the body portion.
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